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(57) Abstract: An autonomous cleaning apparatus such as a robot vacuum cleaner. The apparatus has a housing enclosing a dust 
2* container and an electrically driven vacuum source and also has a nozzle through which dust particles flow into the dust container. 

The housing is directly or indirectly supported by a wheel arrangement having at least two individually driven wheels (12). Each 
^ drive wheel is supported by a removable drive wheel support (16) which is arranged to be pressed towards a floor surface by means 
^ of a spring-like device. Each drive wheel (12) is driven by an electric motor (17) and a transmission (18) mounted on the drive wheel 

support. Each drive wheel can move vertically, aiding the apparatus to overcome obstacles and uneven surfaces and bumps. 
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Wheel Support Arrangement for an Autonomous Cleaning Apparatus 



This invention relates in general to wheel structures, and more particularly to 
a wheel support arrangement for an autonomous cleaning apparatus, such as a 
vacuum cleaner robot Such a robot vacuum cleaner typically comprise a housing 
enclosing a dust or dirt container, and an electrically driven vacuum source dor 
drawing dust and dirt into the container. A floor engaging nozzle, through which 
dust and dirt flow into the dust container, is also contained within the housing. The 
, housing is directly or indirectly supported by a wheel arrangement having at least 
two individually driven wheels for moving the vacuum cleaner about a floor surface. 

Robot vacuum cleaners of the type described above are known, see for 
instance WO 9740734 and EP-A-803224. These robot vacuum cleaners, which 
preferably are battery driven, are provided with a circular housing and with means 
5 for sensing the surrounding objects so as to avoid, or otherwise deal with, such 
objectsduringavacuumcleaningoperation. Depending on existing objects or other 
obstacles, the vacuum cleaner is automatically guided around the objects or 
obstaciesandcanvacuumhardasweUassoftfloorsurfaces. The driving wheels are 
typically arranged for rotation on two horizontal shafts that are placed in coaxial 
,0 aUgnment with one another for rotation on a common axis, and are rotatably 
supported by bearings permanently fixed in posistion relative to the housing. 
. Because of the circular housing shape, and by driving the wheels with different 
velocities and in different rotational directions, the vacuum cleaner can be 
automatically guided such that tendecies to get stuck or otherwise restrained in its 
25 operation are minimized 

Even if the Prior art anangement descibed above works well most of the 
toe, operas More. wi* dris We of fixer! wheel axemen., ean occur 
the movement of the vaeuum cleaner be encotmfcred, for example, by rags 
having high edges, thresholds, loose edges or other obstacles. 
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In order to minimize the above-noted problems, drive wheel arrangements 
having individual wheel supports, e.g. taught by U.S. Patent 5,815,880, have been 
suggested to allow the wheels to engage the floor surface even if there are some 
recesses, some inductions, or the like in the floor surface. 

5 The purpose of the persent invention is to achieve a simple and efficient, 

self-adjusting wheel supporting arrangement for a cleaning apparatus, preferably a 
robot vacuum cleaner, wherein the vacuum cleaner easily climbs over or otherwise 
avoids objects and obstacles it may encounter during its operation. 

An embodiment of the invention will now be described with reference to the 
1 0 accompanying drawings wherein: 

FIG. 1 in a perspective view shows a vacuum cleaner for which the 
invention is intended to be used; 

FIG. 2 shows schematically a partly broken side view of the vacuum cleaner 
shown in Fig. 1; 

1 5 FIG. 3 shows a further partly broken side view of the vacuum cleaner of Fig. 

i; 

FIG. 4 shows the drive wheel arrangement of the vacuum cleaner in a 
position in which the vacuum cleaner rests on a floor surface; 

FIG. 5 shows a perspective view of the drive wheel structure before it is 
20 assembled with a driving wheel and before it is mounted into the vacuum cleaner 
housing; and 

FIG. 6 is a plan view of the drive wheel arrangement shown in Fig. 5 with a 
drive wheel mounted. 

With reference to Figs. 1-3, the autonomous cleaning apparatus, or robot 
25 vacuum cleaner in accordance with the present invention, has a circular housing 10 
with a cover 11 concealing a chamber in which a dust container or collector, 
designed as a filter cassette or a filter container F, is inserted. Alternatively, the 
housing might enclose a centrifuge cyclone separator well known in the art, by 



PCT/SE02/00341 

WO 02/067744 3 

n^ofwbichdua. -*r*'"* -tall a vacuum source V, typically • 
dus , container F. The housmg 10 * ^ Matter, Blocked 

moWI dnven fan unit that » drtven by au dec «, . 

5 Mana.gedatfc^oftehoua.gan.^w ^ 
au^ed^orevacu^^u.couu.u^- ^ « 

nozz le M closes and rotatably — • ' 

andrelatedseiwrsuitendedtomapan 

r«_ O with tWO 



■a»a «ee Fie. 2, with two 
«*— «" ** wad[ i,e»heel shaft 13 andtbere 

— 1 oTbyuTg wheels, forexample. »« 
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wheel transmission or the like. Each transmission 18 connects a motor shaft of the 
electric motor with the corresponding drive wheel shaft 13. The transmissions 18 
gear down the revolution of the electric motor to the drive wheel 12, thereby 
increasing torque. Thus, each of the two drive wheel supports integrates the 
5 corresponding motor, transmission and drive wheel into a single integrated unit that 
can be easily mounted into the housing providing a pair of integrated units. 

The vacuum cleaner is also provided with further support means 19 arranged 
at the front, bottom part of the vacuum cleaner. The further support means 19 can 
be implemented by rolls or wheels, for example. During normal forward motion of 

10 the vacuum cleaner on a hard, substantially flat floor surface, the further support 
means 19 are typically positioned somewhat above the floor surface providing a 
some distances, or gap, between the further support means and the floos surface, and 
thus do not contact the floor surface. However, when the robot vacuum cleaner 
encounters a loose or flabby rug, or another relatively shallow obstacle, the further 

15 support means 19 come into contact with the rug or obstacle, enabling the vacuum 
cleaner to climb up and over such rugs and/or obstacles, whithout wrinkling or 
scrunching them and without being overly hindered. The bottom front of the 
housing is also provided with a forwardly, upwardly slanting portion 1 9a to facilitate 
the ability of the robot vacuum cleaner to climb over objects, obstructions, and 

20 uneven surfaces. 

The drive wheel support 16, is arranged to allow drive wheel support 16 
movement in a vertical direction within the housing, shown in a first embodiment 
provided with a first upwardly directed part 20 with a fastening means for an upper 
and a lower slide bearing 21 surrounding a vertical slide rail 22 fixed at the upper 

25 and lower wall part 23 and 24 of the housing. The slide rail 22 serves as a means 
for guiding the vertical movement of the wheel support arrangement, allowing the 
wheel to remain in contact with teh floor surface should the surface be uneven or 
bumpy or should the robot vacuum cleanr encounter obstructions or objects. Other 
guide means may also be employed to guide the vertical movement of the wheel 

30 support arrangement. 



The upwardly directed part 20 of the drive wheel support has means for 
receiving a dowel 25. For example, a cylindrical device with an upwardly open 
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The robot vacuum cleaner and the wheel support are assembled, in one 
embodiment, in the following manner: The wheel support 16 is prepared for 
mounting by placing the spring 26 together with the dowel 25, and inserting them 
into the recess in the vertical part 20. The dowel 25 is then depressed and turned so 
5 that the hook 3 1 of the tongue 30 engages the stop means 32 such that the dowel is 
locked with the spring 26 tensioned in a compressed , lower position. Before or 
simultaneously, the drive wheel 12 is fixed on the shaft 13. Tthe complete wheel 
support 16 is then placed on the lower wall part 24 of the housing by means of the 
slide rail 22, after which the housing with the seat 29 is placed at the upper part of 

10 the dowel 25 at the same time as the upper part of the slide rail 22 is inserted in a 
corresponding recess in the upper wall part 23. Then the upper wall part 23 is 
connected to the lower wall part 24 after which the hook 3 1 is released from the stop 
means 32 by turning the dowel 25. This turning motion is achieved by means of an 
extending lug, not shown, in the seat 29 cooperating with the upper part of the dowel 

15 25 and which, after being turned, prevents the dowel from being unintentionally 
turned and thereby prevents the dowel from getting stuck in a locked position. 
Consequently, the weight of the vacuum cleaner, when it is placed on a surface, will 
rest on the springs of the two wheel supports and press them together. 

When the robot vacuum cleaner is placed on a floor and is activated it will 
20 move forwards on the floor surface (i.e. to the right in Fig 2) and continue 
according to a movement path defined by a microprocessor. At the same time, the 
floor surface is brushed by the brush roll S and dust laden air and/or dirt is sucked in 
through the nozzle M by means of the fan unit V. The dust laden air and/or dirt 
flows into the filter container F where particles, dirt, and other solids are separated 
25 from the air, while the air continues to flow through the fan to several outlet 
openings arranged in the housing, where the air exits the robot vacuum cleaner. 

When the vacuum cleaner is placed on the floor surface, its weight causes the 
drive wheel support 16 and hence the drive wheels to move from a resilient extended 
to a partially retracted position. This means that the weight of the vacuum cleaner 
30 will overcome some portion of the force that the springs 26 create on the drive 
wheel supports 16. The vertical movement of the drive wheel support is limited by 
the engagement of a suport means 14, 15, with the surface. Support means 14, 15 
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Claims 



1 . An autonomous cleaning apparatus comprising : a housing (1 0) enclosing a dust 
container (V) and an electrically driven vacuum source (V); the housing having a 

5 nozzle (M) through which air and dust particles flow into the dust container; a 
wheel arrangement supporting the housing, the wheel arrangement having at 
least two individually driven drive wheels (12), characterized in that each 
drive wheel (12) is rotatably fastened to a corresponding drive wheel support, 
and wherein the drive wheel support (16) with the corresponding drive wheel 

10 can rise and sink in a substantially vertical motion with respect to the housing, 
and further wherein the drive wheel support (16) is arranged such that the 
corresponding drive wheel is directed towards a floor surface by a force creating 
means; the drive wheel support (16) including an electric motor (17) connected 
to a transmission (18) for driving the drive wheel (12); the drive wheel support 

15 also including means (21) for cooperating with a guide (22) in order to achieve a 
linear, substantially vertical motion of the drive wheel support (16). 

2. The apparatus according to claim 1, characterized in that the force creating 
means is a spring (26), preferably a coil spring. 

3. The apparatus according to claim 2, characterized in that the drive wheel 
20 support (16) comprises a dowel (25) and a means for receiving the dowel, 

wherein the dowel can move within the means for recieving the dowel, and 
further wherein the spring (26) is in contact with the dowel, the dowel 
substantially enclosed by a wall of the means for receiving the dowel. 

4. The apparatus according to claim 3, characterized in that the dowel (25) 
25 includes a collar shaped portion (27) that abuts the spring (26). 

5. The apparatus according to claim 4, characterized in that the dowel (25) is 
tumably arranged and connected to a hook (30) or the like, and wherein the 
dowel, when the spring (26) is compressed, abuts against a stop means (32) 
arranged on the drive wheel support 



PCT/SE02/00341 

WO 02/067744 9 

* *ho nrecedine claims, characterized in that 

vertical motion of the drive wheel support (16). 

s ^ofto^^--^^^*^ 

by the spring. 

, The t— s according » an, of to ^ceding cUtas, characterized ' ■» *- 
T ILe U arranged a. a bottom (24) of to honang 00 iacmg to floor 

m eans provide a g* belweao to bottom of .he apparatta. and the floor sort 

vAen the floor surface is hand and substantially flat. 

, . ,»j,«t to that the bottom (24) is 

o THe aouaratas according to 6, characterized to tnat 

CT ,rh that when the apparatus is moved on the floor sunacc, 

and substantially flat. 

a- tn ,1mm 8 characterized in that the drive wheels (12) 

nA m are arranaed at each side of the veticai pianc, « 
means (14,15) are arrange Mrt means 

. r-ti"sr« * — 

an obstacle. 

Ah* to anv of the preceding claims, characterized in that 
11. The apparatus according to any ot me p 

. n ^ includes a micro switch (35), wfcerein mo mi 
Ptach drive wheel support (15) inciuu«» a , _ , 

^ gives a contto, si^ to an efcettic ciroto, of to apparatt* »hen to 
* c^ndtogdrivewheelisinanetctendedposiboa 



WO 02/067744 



PCT/SE02/00341 




FIG. 2 



WO 02/067744 



2/3 



PCT/SE02/00341 




FIG. U 



WO 02/067744 



PCT/SE02/00341 



3/3 
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